Abstract: Blend nanofibers from Chitosan (Cs) (M w =1 X 10 6 ) in 2% acetic acid and poly(vinyl alcohol) (PVA) (M w =72 X 10 3 ) in deionized water were produced in 10/90, 20/80, 25/75, 50/50 mass ratio of Cs/PVA. The effect of blend ratio on the fiber formation and fiber properties has been investigated. Nanofibers produced were characterized by SEM, FTIR and DSC. The diameter of fibers increased with increasing chitosan content in blends. However, fibers with lower diameter showed micro cracks on the surface. FTIR data show that these two polymers have intermolecular interaction. DSC data reveals that the exothermic peak at about 200 0 C for PVA decreased to lower temperature with increasing Cs content. Chitosan (Cs) (M w =1 X 10 6 ) was hydrolyzed and the molecular weight reduced to 6.219 X 10 5 then we could electrospin the pure chitosan in 90% acetic acid as solvent and the nanofibers with diameter in the range of 43 nm were produced. SEM results showed that although the chitosan nanofibers were produced, because of high viscosity of solution there are a lot of beads on their surface. The cell culture result show excellent cell viability in this medium when the cells were exposed to chitosan/PVA nanofibers for 7 days in CO 2 incubator, 99% RH and 37 °C. On the other hand the chitosan/PVA nanofibers in their antimicrobial experimentations showed efficient antimicrobial properties.
Introduction
Chitosan, poly[(1,4)-2-amino-2-deoxy_D-glucose], is a polyaminosaccharide obtained from chitin by a deacetylation process. Chitin is the principal structural polysaccharide of the arthropods (for example, crabs and insects) and the second most abundant polysaccharide, next to cellulose. Depending on the chitin source and the methods of hydrolysis, chitosan varies greatly in its molecular weight (MW) and degree of deacetylation (DDA). The MW of chitosan can vary from 30 kDa to well above 1000 kDa. The typical DDA of chitosan is over 70%, making it soluble in aqueous acidic solutions. Due to its biodegradability, biocompatibility and nontoxicity, much attention has been paid to the modification and utilization of chitosan, especially in the biomedical field. Chitosan is an interesting polymer because of its physicochemical properties, including its solid-state structure and the dissolving state conformation. In the solid state, relatively rigid crystallites form due to the regularly arranged hydroxyl and amino groups at the equatorial positions in the b (1, 4) -linked D-glucosamine repeating units, while in solution, hydrogen bonding drives the formation of micro fibrils, depending on the chitosan concentration. Recent attention has been on making chitosan fibrous membranes by electrospinning [1, 2] .
In the recent years, much attention has been paid to electrospinning process and it has received a dramatic revival of interests because of its potential to produce ultra fine fibers with diameter in the range of nanometer to sub-micrometer. In this technique, a high voltage is applied to overcome the surface tension of polymer solution or polymer melt, and then a charged jet is ejected. The jet extends in a straight line for a certain distance and then bends and follows a looping and spiraling path. These jets get dried to form nanofibers which are collected on a target (an electrically grounded metal sheet or a winder) as nanofibers. The nanofibers technology of present interest focuses on the electrospinning technique, which conveniently allows the preparation of fibrous materials with very fine diameters ranging from submicron to several nanometers. The electrospinning phenomenon itself involves basic and significant issues in polymer science for solution dynamics, in which viscoelastic parameters, surface free energy (surface tension) and electro conductivity are critical factors for the successful spinning of nanofibers. These nanofibers are of considerable interest for various kinds of applications such as wound dressing, tissue engineering, filtration etc due to their specific surface area and porous structure [3] .
Nanofibers from various synthetic polymers have been reported, as well as those from natural polymers, including proteins, [4, 5] nucleic acids [6] and polysaccharides [7, 8] . Electrospun nonwoven fibrous materials of several natural polymers have been characterized with respect to their applications as biocompatible or bioresorbable materials. Because of its abundant production in nature and excellent biocompatibility, the cationic polysaccharide chitosan is a very promising polymer for this purpose [9] .
Fiber formation from chitosan has, however, been met with challenges because of its high viscosity. Min and coworkers [1] have studied the preparation of chitosan nanofibers from deacetylation of as-spun chitin nanofibous matrix with a 40% aqueous NaOH solution at 60 or 100 °C. Chitin matrix was transformed into chitosan matrix with degree of deacetylation (DD) ~85% .Pure chitosan fibers have only been electrospun from 7% to 8% solutions of chitosan at relatively low molecular weights, such as 210 kDa (Mv) and 78% DD in trifluoroacetic acid [9] . However, chitosan of lower molecular weight (106 kDa (Mv)) and lower DDA (54%) have been used for production of nanofibers in 90% aqueous acetic acid solution [10] . There have been several reports on fiber production by electrospinning of chitosan mixtures with different polymer [9, 11, 12, and 13] . Very fine fibers (130 nm in diameter) were electrospun from mixing a low molecular weight chitosan (Mv = 220 kDa, 86% DD) with silk fibroin (SF). The concentration of chitosan was only 11 wt % [11] . Bhattarai and coworkers [12] reported that the addition of organic solvents, such as N,Ndimethylformamide and dimethyl sulfoxide at 0.3% and 10%, respectively, to 2.05 wt % 90/10 chitosan (M w =1900 kDa, 85% DD)/ PEO (M w = 900 kDa) also improves fiber formation properties. Li and Hsieh [13] have prepared nanofibers with average diameters between 20 and 100 nm by electrospinning of deacetylated chitosan (M v = 1600 kDa) mixed with poly(vinyl alcohol) (PVA, M w = 124-186 kDa) in 2% (v/v) aqueous acetic acid. By removing the PVA component in the 17/83 chitosan/PVA bicomponent fiber with 1 M NaOH (12 h), nanoporous fibers could be produced. Jia and coworkers [14] used different weight ratio of PVA with chitosan (78% DDA) to produce nanofibers. The PVA they used, had the following specifications: poly(vinyl alcohol) (PVA) (degree of hydrolysis, 96%; degree of polymerization, approximately 2500; M n =9.4x10 4 ). Zhang and coworkers [15] reported on the feasibility and efficacy of using UHMWPEO as the fiber-forming facilitating additive to electrospin chitosan nanofibers containing low amounts of PEO without sacrificing electrospinnability. In another work hydroxyapatite/chitosan nanofibrous scaffold were obtained by 2 step method combining an in situ co-precipitation synthetic approach with an electrospinning process [16] .
In the present work, nanofibrous mats of Cs/PVA blend and pure chitosan with high molecular weight were produced by electrospinning method. Electrospinning of pure high molecular weight chitosan has not been reported. The effect of weight ratio and process parameters on morphology and diameter of the blend nanofibers were investigated by SEM technique. Nanofibers produced were characterized by FTIR and DSC. The biological properties of the blend nanofibers were investigated by cell culture and antimicrobial experiments. Voltage (10-25 KV) and extrusion rate of polymer solutions (0.2-1 ml/hr) from nozzle were chosen as variables to control fiber diameter at same spinning distances (10 cm).
Results and discussion

Effect of chitosan molecular weight
Nanofibrous membrane of chitosan (M w =1000KDa) and hydrolyzed chitosan (M w =621.9KDa) in NaOH (40%, 1N) for 4 h, were prepared using acetic acid-water solution as spinning solvent separately to study the effect of molecular weight of chitosan. Fig. 1 shows SEM micrographs of pure chitosan nanofibers with different molecular weight under the same processing condition. As it is clear in Fig. 1 , due to repulsive interaction among the polycations along the chitosan chains which prevent chain entanglement and result in high viscosity of solution nanofibers were not formed when pure chitosan of high molecular weight (1000 KDa) was used (Fig 1a) . When hydrolyzed chitosan (621.9 KDa) was used nanofibers were formed (Fig 1b) . However, presence of beads and branched structure are clearly visible. Although by decreasing the molecular weight chitosan could be electrospun the nanofibers did not have enough uniformity and good morphology. This could be due to chitosan repulsive nature in acidic solvents.
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Effect of blend ratio
Chitosan is a cationic polysaccharide with amino groups at the C2 position, which are ionizable under acidic or neutral pH conditions. Therefore, the morphology and diameter of electrospun fibers will be seriously influenced by the weight ratio of PVA/CS. Fig. 2 shows SEM images of Cs/PVA blend fibers with different weight ratio of Cs to PVA under the same processing condition. It shows that finer fibers were produced with increasing chitosan content in the blend solution; on the other hand fibers became more fragile (Fig. 2e) . Although the 50/50 ratio of Cs/PVA produces the finest fiber, the fibers have got some micro cracks on the surface. With decreasing PVA content the plasticizing effect reduces hence the brittleness of produced fibers increases. With increasing chitosan content in the blend, the number of amino groups which can be protonated in acidic media increases, therefore, the density of electrical charges on the surface of the jet increases and the jet gets affected more by the electrical field. Thus the jet can be drawn more and fiber with finer diameter is obtained. Pure chitosan (Fig. 2f ) due to its high viscosity cannot be electrospun. 
Effect of voltage
Changing voltage will result in change in the diameter of the produced nanofibers at a constant extrusion rate. The voltage has been changed from 10 KV to 25 KV and the nanofibers obtained are shown in Fig 4. As it can be seen from Fig. 6 , with increasing voltage the diameter of the nanofibers reduced. electric field, so that the jet get more and more extended in its path from the nozzle to the collector. Finally the nanofibers get finer.
Effect of extrusion rate
The extrusion rate is a parameter of electrospinning process that has different effect on nanofibers with different polymer (i.e. It cause less or more finesse in diameter or no significant effect) [17, 18, 19] . In this study when the voltage was kept constant and the extrusion rate varied, it was observed that with increasing the extrusion rate the nanofibers diameter decreased (Fig. 5) . This effect is shown in 3 different voltages, in each constant voltage with increasing the extrusion rate (R=0.2) to (R=1) the average diameter of nanofibers get finer (Table1). 
FTIR and DSC results
The FTIR of chitosan exhibited the resonance band at 1154 cm _1 characteristic of its saccharide structure, and those at 3423, 1654, and 1598 cm _1 (this peak has overlap with 1654) commonly known for the N-H stretching of the primary amino groups, the carbonyl stretching of the secondary amide band (amide I) and the N-H bending of (Fig. 6) . The FTIR results of blend chitosan/PVA fibers showed that the absorption peak at about 3441 cm -1 due to -OH and -NH stretching vibrations shifted to a lower wave number with increasing PVA content in the blends. Moreover, compared with FTIR spectra of pure CS, the absorption peak of CS/PVA nanofibers at 1568 cm -1 disappeared and carbonyl stretching peak get more visible and shift to higher wave number. It might be due to reduced resonance effect between carbonyl and amino group because of entanglement of nitrogen non bonding electrons. An intense band is seen at 1250 cm _1 in blend samples, which is not significant in PVA and Chitosan. It could be due to C-O of CH 2 OH group of chitosan which forms hydrogen bonding with OH of PVA. Because of resonance, the intensity of this bond increased therefore, it shifted to higher wave number. The peak due to OH group at 3400-3600 Cm -1 has shifted to a lower wave number in the blend samples. These results show that there are some intermolecular bands such as hydrogen bonding between amino and CH 2 OH group in CS with hydroxyl group of PVA in the blend solutions. DSC thermograms of the pure PVA nanofibers, CS/ PVA blends nanofibers and chitosan are shown in Fig. 7 . The pure PVA fibers showed a relatively large and sharp exothermic curve with a peak at about 195 °C. However, for CS/PVA blend fibers, exothermic curve showed broad, and the peak shifted to the low temperature. This fact show that the crystalline microstructure of electrospun fibers did not develop well due to high speed solidification process of stretched chains during electrospinning. In blend nanofibers the peaks of the endothermic curves shifted to the low temperature from 193.3 to 190.98 °C and the ΔH values decreased from 50.74 J/g for pure PVA nanofibers to 40.73 J/g for 25/75 Cs/PVA nanofibers Therefore with increasing CS content in the blend the ΔH value decreases. These four steps are: at first stage cells have spherical shapes, at second stage they make some false feet, at third stage the false feet grow and make adhesion among cells, at the end stage they get flatting. If they get the last step it means they have very good viability in the medium. So if the number of flatting cells is more than the number of spherical cells, these cells have good compatibility in the medium expose to the material. The result showed excellent cell viability in this medium when the cells were exposed chitosan/PVA nanofibers for 7 days in CO 2 incubator, 99% RH and 37 °C. As it clear in Fig. 8 most of the cells get the end stage of their growing so they have very well compatibility with the blend chitosan-PVA samples and PVA samples.
As it clear in Fig. 9 the zone of inhibitory was visible in (Pseudomonas aeroginosa), so that the sample showed the antimicrobial effect against Gram-negative bacteria. This bacterium is present on skin abundantly and when the skin gets injured the bacteria could have very bad effect on the wound. So if the wound dressing inhibits the bacteria, the wound treating could be better. But the zone of inhibitory around the sample in the plate of Gram-positive bacteria (staphylococcus aureus) is not as clear as the plate of Gram-negative bacteria's (Fig. 10) . The control was soluble in the medium.
Conclusions
Due to repulsive interaction among the polycations along the chitosan chains and high viscosity of solution, high molecular weight chitosan (1000 KDa) were not produced as nanofibers. Although by decreasing the molecular weight chitosan could be electrospun, the nanofibers have not enough uniformity and good morphology. In blend nanofibers, finer fibers were produced with increasing the chitosan content in the blend solution, on the other hand fibers got more fragile. Although the 50/50 ratio of Cs/PVA prepares the finest fiber, because of chitosan fragile nature, the fibers have got some micro cracks on the surface. The 25/75 Cs/PVA is the best ratio in this condition. The average diameter gets changed with changing the voltage and the extrusion rate of polymer. With increasing the voltage the diameter of the nanofibers reduced but with increasing the extrusion rate the nanofibers diameter decreased.
The FTIR results showed that there are some intermolecular bands such as hydrogen bond between CS and PVA molecule in the blend solutions. The DSC result showed that in blend nanofibers the peaks of the endothermic curves shifted to the low temperature from 193.3 to 190.98 °C and the ΔH values decreased from 50.74 J/g for pure PVA nanofibers to 40.73 J/g for 25/75 Cs/PVA nanofibers Therefore with increasing CS content in the blend the ΔH value decreases. Cell culture experiments showed excellent cell viability in this medium when the cells were exposed chitosan/PVA nanofibers for 7 days. Most of the cells get the end stage of their growing so they have very good compatibility with the blend chitosan-PVA samples and PVA samples. The sample showed good antimicrobial effect against Gramnegative bacteria (Pseudomonas aeroginosa).
Experimental
Materials
Chitosan (M w = 1000 kDa, 85% DD), poly(vinyl alcohol) 98% hydrolyzed (M w = 72 kDa) and acetic acid (AA) were purchased from MERK, Co. Fibroblast cells (L929) of rat. Staphylococcus Aureus and Pseudomonas Aeroginosa were used for microbiological studies.
Electrospinning procedures
A high voltage power supply (10-25 kv) was employed to generate the electric filed. At first chitosan solutions (3-7wt %) was prepared in acetic acid at 2-90% v/v concentrations, but because of high viscosity of solution they could not be electrospun. The repulsive interaction among the polycations along the chitosan chains was thought to prevent sufficient chain entanglement that is necessary for fiber formation. Then PVA was used to moderate the repelling interaction between polycationic chitosan molecules and to enhance the molecular entanglement. PVA was dissolved in distilled water (DW) at a concentration of 20 wt%, and CS was dissolved in AA-water solution (2 wt %) at a concentration of 3 wt%. A PVA-DW solution (20 wt %) was mixed with a CS-AA solution (3 wt %) in weight ratios of (Cs/PVA) 0/100(pure PVA), 10/90, 20/80, 25/85, 50/50 and 100/0(pure Chitosan), respectively. Then, the mixed solutions were subjected to the electrospinning experiment. The applied voltage was 15 KV and the elecrospinning distance (tip-tocollector distance: TCD) was 10 cm.
Cell culture
Cell culture is a sufficient method for investigating the cell viability and the biological compatibility of nanofibers. Cell culture was done on nanofibrous mats of Cs/PVA blend using rat fibroblast cell (L929) according to ASTM-F813. This cell culture test method is suitable for adoption in specifications and standards for materials for use in the construction of medical devices that are intended to be implanted in the human body or placed in contact with tissue, tissue fluids, or blood on a long-term basis. However, care should be taken when testing materials that are resorbable to make sure if the method is applicable. Briefly the procedure was:
(1) Cells grown to confluent monolayer, (2)Biomaterial sample placed on top, (3) Incubated for 24 hours, (4) Evaluated cells underneath or beside material.
Since cells in this direct contact test method were not protected by an overlying agarose layer, they were more susceptible to potential mechanical damage imparted by the overlying test sample. The cell culture medium was RPMI-1640 and FCS. The number of cells was 5×10 7 that was cultured in the medium. The cells were exposed chitosan/PVA nanofibers for 7 days in CO 2 incubator, 99% RH and at 37 °C.
Antimicrobial experimentation
The agar plate method was used for investigating the antimicrobial effect of chitosan _PVA and PVA nanofibrous mats. We used two microorganisms: Staphylococcus Aureus as Gram-positive bacteria and Pseudomonas Aeroginosa as Gram-negative bacteria. A loop of each bacteria was inoculated on 5 ml of nutrient broth (beef extract 5 g , peptone 10 g ,…) and incubated at 37 °C for 24 h,then cultured in nutrient agar plate. The 0.45×0.45 cm 2 sample (chitosan _ PVA mat) and control (PVA mat) were soaked in ethanol 75% and placed in each plate. After that the plates were incubated at 37 °C for 24 h. photographs taken from the plates can be used for investigating the antimicrobial behavior of the web. If the web has antimicrobial property, the zone of inhibitory can be seen in the photographs.
Characterization and measurements
The morphology of electrospun chitosan/PVA bicomponent fibers and pure chitosan nanofibers was observed with a scanning electron microscope (SEM) (XL30-SFEG, FEI/Philips) with gold coating. Fourier transforms infrared spectroscopy (FTIR) measurements were performed (Nicolet Magna-IR 560) by the KBr method. Thermal properties were measured with a differential scanning Calorimetry (Universal V3.8B TA Instruments). The samples were heated to 300 at a heating rate of 10 °C/min in air atmosphere.
